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AR for Laparoscopy
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Optical only allows superposition
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Video See-Through Display
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Video alows occlusion

9 April 1999 UNC CSGB



Why 1s AR so hard?

Perceived error
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Methods for registration

e Open loop
— get everything right and hope for the best

* Purevideo overlay
— align images without 3D information

* Closed loop with image feedback

— get close as possible then “lock In” with
feedback.
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| aboratory Infrastructure
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UNC 6DOF GRIDS Effort | &

 Orientation and Position tracking

e No rdiance on external infrastructure such
as beacons, GPS, etc.

o Start with Inertial/Optical hybrid, add other
sensing modalities such as active ranging,
tilt, etc.
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Optical/Inertial Hybrid L

A fully integrated system
* Inertial aids Optical
— predictions of how much change to expect
— where to look, what to reect
e Optical ads Inertial
— corrects drift
— allows closing the loop in video see-through
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o Fast

e Passive 4 =y

e Small e \\

* Nearly independent of environmental
Influence
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What makes inertial position

estimation so hard?

» That “Nearly’

— Subtracting out Gravity Isthe hardest part

— 1 degree of tilt error over 10 seconds = 9 meters
of position error

* Double Integration
— errors accumulate quadratically

— even unavoidable noise limits system
performance
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Effect of Inertial Noise

Timeto 3 meters uncertainty

Arcelerometer dvnamic range [3G divided by noise] bits

- 78 1D 18 20 24 b
9 April Fiate gyro dynarnic range [Sradis divided by noise] bits



What kind of optical sensors?| {&i

* Video isfinefor experimentation but ...
— too slow
— too much computation
— 100 much power

e Images are required for display and video
see-through but not necessarily for tracking
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What kind of optical sensors?| {&i

VL SI-based low-power smart optical sensors
not Imagers

fast framerate b
small changes b
simple algorithm b
small circuitry b
fast framerate b
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Combining the measurements| &

SCAAT: Single-Constraint-At-A-Time Tracking

conventional estimates

user path

SCAAT estimates

measurements (CONStraints) o el — — ——— ——-

Typically several constraints are collected to compute unique “points” @ mn space. The

SCAAT approach blerxls single constraints to increment along the user’s path
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